By using density-gradient fractionation and high-voltage free-flow electrophoresis, human platelet membranes were separated into highly purified subfractions of surface (SM) and intracellular (IM) origin. Associated exclusively with the IM fraction is an ATP-dependent Ca2 + uptake that, in the absence of oxalate, reaches steady-state levels in 5-10min. When Ca2 +-EGTA buffers were used to control the external Ca2 + concentrations (range 0.1-50 .sM) there was an increase in the intravesicle steady-state level of Ca2 + up to 1OpM external Ca2 + concentration.
Above this level the intravesicle space becomes saturated at a concentration between 10 and 20nmol of Ca2 +. (mg of protein)-'. The ionophore A23187 promotes a rapid and almost total release of the sequestered Ca2 + (> 90%, ti 1-2 min). The presence of oxalate in the external medium greatly enhances the Ca2 + accumulation to levels as high as 200 nmol-(mg of protein)-', but the uptake process is more variable and rarely reaches steady-state level even after 2h incubation. Moreover, accumulation in the presence of oxalate effects ionophore release with less than 80% depletion in 45-60min. These findings, taken together with the known presence in the platelet of a wide variety of functional and metabolic processes triggered by this cation, suggest that the platelet IM has a key role in controlling cytosolic Ca2+ concentrations.
In a previous report we presented some evidence for an ATP-dependent Ca2 +-sequestering process associated with human platelet intracellular membranes. The membranes had been isolated from freshly sonicated platelets and purified free from surface-membrane elements by high-voltage free-flow electrophoresis . In order to isolate well-sealed and functionally competent vesicles, capable of accumulating Ca2 , fresh platelets were required, and the membrane vesicles also needed a short exposure to slightly hyperosmolar conditions during the isolation. In addition to ATP-dependence, the uptake of Ca2 + into these intracellular membrane In the present paper we have further characterized this Ca2 +-uptake property, particularly with respect to the rate of uptake and the steadystate levels of intravesicular Ca2 + reached in the presence and absence of oxalate. We have also investigated the effect on the uptake process of a range of different concentrations of Ca2 + outside the vesicles and also the action of the calcium ionophore A23187 on the sequestered Ca2+ at steadystate levels.
Other fairly recent papers from this group (Lagarde et al., 1981 (Lagarde et al., , 1982 Carey et al., 1982) reported studies that have established that platelet intracellular membranes are the predominant site for the phospholipid-modifying enzymes that liberate arachidonic acid and the synthetases for cyclic endoperoxide and thromboxane production. These enzymic data, together with the present report, support the concepts put forward by Gerrard and his colleagues (Gerrard et al., 1982) that the internal membrane complexes involved in controlling platelet cytosol levels of Ca2 + and the sites for production of pro-aggregatory metabolites of arachidonic acid may be structurally associated.
Methods and materials
Platelets were isolated by a differential-centrifugation procedure from fresh buffy-coat pools supplied by the National Blood Transfusion Service Laboratories, Tooting, London S.W.17, U.K. . The final washed platelet suspension, which was free from red-cell contamination, was treated with neuraminidase (Sigma grade X; affinity-purified) at a concentration of 0.03 unit-ml-' for 20min at 37°C. This treatment decreased the surface-membrane electronegativity by removal of sialic acid moieties, and after sonication a mixed membrane fraction, well separated from, and uncontaminated by, granular elements, could be harvested by sorbitoldensity-gradient centrifugation (linear gradient of 1.0-3.5M-sorbitol). The mixed membrane fraction, which was located in the low-density region of the gradient, contained both surface and intracellular membranes. The fraction was removed from the gradient and concentrated by sedimentation on to a cushion of 3.5 M-sorbitol buffered with Hepes to pH 7.2. The membranes were removed from the cushion interface and diluted 1:1 (v/v) with electrophoresis-chamber buffer (10mM-triethanolamine/acetate, pH7.2) and adjusted to 400mosM by addition of sorbitol. This mixed membrane fraction was applied to the chamber of a Bender Hobein VAP5 electrophoresis unit operating at lOV cm' and 14GmA with an injection flow rate of 2 ml/h. Two major vesicle subfractions were resolved; the most electronegative peak, which had been unaffected by the neuraminidase treatment at the whole-cell level, represented intracellular membranes, and the least electronegative fraction represented plasma-membrane vesicles modified by the removal of sialic acid. Analytical enzymic data have allowed us to characterize definitively these two major membrane fractions and establish their site of origin in the whole cell Lagarde et al., 1982) . Pools of the two major fractions, IM and SM, were concentrated by again centrifuging on to a sorbitol cushion, and the interface layer was removed and resuspended, as described above, to a concentration approximating 1 mg of proteinml-1 for the Ca2 + -uptake experiments. The precise technical details of these isolation, purification and characterization procedures were described previously .
For the measurements of Ca2 + uptake, the incubation mixture contained 1 20mM-KCl/5 mMMgCl2/2mM-ATP in 20mM-Tris/HCl buffer, pH 7.0. Ca2 + was added at a concentration of 50 /M-CaCl2 (or as indicated) and containing 45Ca2 + of specific radioactivity 70mCi/mmol. External Ca2+ levels were controlled in the range lOMM-l0nM by the use of Ca2+-EGTA buffers made up as described by Portzehl et al. (1964) When the calcium ionophore A23187 (5.4 /M) was added to the incubation mixture shortly after a steady-state level had been reached, in the absence of oxalate (Fig. 3) , the sequestered calcium was rapidly and almost totally released from the vesicles. Over 50% of the stored calcium was liberated in a few minutes and more than 90% within 20min (t1 1-2min). This finding contrasts markedly with the effect of the same concentration of ionophore A23187 on vesicles pre-loaded with Ca2 + in the presence of oxalate . Here The ionophore was added after steady-state concentration had been reached in the absence of oxalate. the release is significantly slower, with less than 80% of the stored Ca2 +liberated after 45-60min (t 15 min). It is clear that when an intravesicle Ca2 + Vol. 222 sink, such as oxalate anions, is present, although this greatly enhances the uptake, it also results in a less labile pool of Ca2 + in which the rate of dissociation of the intravesicle calcium oxalate complex greatly influences the levels of free Ca2 + susceptible to ionophore-induced liberation. A series of experiments was then carried out to explore the relationship between the levels of sequestered Ca2 + that can be achieved at steady state and the concentrations of free Ca2 + present in the incubation mixtures. Ca2 +-EGTA buffers were used to control external levels in the range 10!uM-10nM.
These results are presented in Figs. 4 and 5. It will be seen (Fig. 4) In conclusion, we have presented evidence for a Ca2 +-sequestering mechanism associated with highly purified human platelet intracellular membranes and included some kinetic characterization. This uptake mechanism, which is in some ways analogous to the sacroplasmic-reticulum Ca2 + pump of muscle tissues, is ATP-dependent, operates efficiently in the micromolar range of extravesicular Ca2+ and is saturable. The Ca2 + External free Ca2+ I (M) 
